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Purpose: The purpose of this study was to quantify the target 
coverage, homogeneity, and robustness of the dose distribu- 
tions against geometrical uncertainties associated with four 
whole breast radiotherapy techniques. Methods: The study was 
based on the planning-computed tomography-datasets of 20 
patients who underwent whole breast radiotherapy. A total of 
four treatment plans (wedge, field-in-field [FIF], hybrid intensity- 
modulated radiotherapy [IMRT], and full IMRT) were created for 
each patient. The hybrid IMRT plans comprised two opposed 
tangential open beams plus two IMRT beams. Setup errors were 
simulated by moving the beam isocenters by 5 mm in the anter- 
ior or posterior direction. Results: With the original plan, the 
wedge technique yielded a high volume receiving > 1 07% of the 
prescription dose (VW; 7.5% ±4.2%), whereas the other three 
techniques yielded excellent target coverage and homogeneity. 



A 5 mm anterior displacement caused a large and significant in- 
crease in the Vw (+5.2% ±4.1 %, p<0.01) with the FIF plan, but 
not with the hybrid IMRT (+0.4%±1.2%, p=0.11) or full IMRT 
(+0.7% ±1.8%, p=0.10) plan. A 5-mm posterior displacement 
caused a large decrease in the V 95 with the hybrid IMRT (-2.5% ± 
3.7%, p<0.01) and full IMRT (-4.3%±5.1%, p<0.01) plans, but 
not with the FIF plan (+0.1% ±0.7%, p=0.74). The decrease in 
V 95 was significantly smaller with the hybrid IMRT plan than with 
the full IMRT plan (p<0.01). Conclusion: The FIF, hybrid IMRT, 
and full IMRT plans offered excellent target coverage and homo- 
geneity. Hybrid IMRT provided better robustness against geo- 
metrical uncertainties than full IMRT, whereas FIF provided com- 
parable robustness to that of hybrid IMRT. 
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INTRODUCTION 

The avoidance of hot spots throughout the breast volume is 
difficult with external whole breast radiotherapy using con- 
ventional forward wedge planning [1,2]. For this reason, in- 
tensity-modulated radiotherapy (IMRT) is gradually replacing 
wedge planning [3]. IMRT provides excellent dose homoge- 
neity throughout the breast volume [4]. One disadvantage of 
IMRT is that the IMRT plans might be more susceptible to 
setup and motion uncertainties [5-9]. The intact breast flash is 
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used to compensate for motion in the anteroposterior direc- 
tion in glancing open fields; however, flash cannot be easily 
achieved when using the IMRT inverse-planning technique. 

The field-in-field (FIF) technique is a forward-planning in- 
tensity-modulating technique [10,11] in which fields are cre- 
ated by strategically placing multileaf collimator leaves in hot 
spots. FIF plans can incorporate fields with the breast flash 
and thus might reduce the effects of geometrical uncertainties. 
Another possible solution to reduce the effects of geometrical 
uncertainties would be the use of a hybrid technique that in- 
corporates a combination of glancing open fields and inverse- 
planned IMRT beams [5]. 

The purpose of this study was to quantify the target cover- 
age, homogeneity, and robustness of the dose distributions 
against geometrical uncertainties associated with four whole 
breast radiotherapy techniques (wedge, FIF, hybrid IMRT, and 
full IMRT). 
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METHODS 

Patients and scans 

This study was approved by the Institutional Review Board 
(11-R190). The planning computed tomography datasets of 
20 patients who underwent whole breast radiotherapy at St. 
Lukes International Hospital (10 with left-sided and 10 with 
right-sided cancer) formed the basis of this study Computed 
tomography was performed without breath holding by using 
a LightSpeed RT 16 (GE Healthcare, Fairfield, USA) helical 
scanner with a 5 -mm slice thickness. 

Treatment planning 

A total of four treatment plans (wedge, FIF, hybrid IMRT, 
and full IMRT) were created for each patient by using the Pin- 
nacle 3 version 9.0 planning software package (Philips Medical, 
Amsterdam, The Netherlands). Adaptive convolution was the 
selected calculation algorithm. The clinical target volume 
(CTV) was defined as the ipsilateral whole breast. The plan- 
ning target volume was defined as the CTV plus a surround- 
ing 0.8- to 1.5-cm margin. The target volume for evaluation 
(TV_EV) was defined by subtracting the areas within 5 mm 
of the skin or lung from the whole breast. 

All four plans used two opposed tangential 4 to 6 MV 
beams set at the same angles. The wedge plans comprised two 
opposed tangential open beams with wedges. The FIF plans 
comprised two opposed tangential open beams plus 2 to 4 re- 
duction fields at the same angles. Plan optimization was per- 
formed in a forward fashion. The details of the FIF plans used 
in our institution have been reported previously [11]. The hy- 
brid IMRT plans comprised two opposed tangential open 
beams plus two IMRT beams set at the same angles. The open 
beams contributed 90% of the dose, whereas the inversely op- 
timized IMRT beams contributed 10%. For IMRT, direct- 
machine parameter optimization was performed to set the 
dose to the whole TV_EV between 95% and 107% of the pre- 
scribed dose. The full IMRT plans comprised 100% segments 
that had been inversely optimized. The plans were normalized 
such that 50% of the TV_EV received a total of 50 Gy in 2-Gy 
fractions for both the hybrid IMRT and full IMRT plans, 
whereas for the wedge and FIF plans, doses were prescribed 
to the beam isocenters. 

Setup errors were simulated by moving the beam isocenters 
by 5 mm in the anterior or posterior direction. 

Statistical analysis 

The target coverage and homogeneity were assessed accord- 
ing to the volume of the TV_EV receiving > 95% of the pre- 
scription dose (V95), V107, and the mean dose to the TV_EV. 
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The doses to the organs at risk were assessed as the V20 of both 
lungs, mean dose to both lungs, V30 of the heart, and mean 
dose to the heart. The V30 of the heart and mean heart dose 
were assessed in the patients with left- sided cancer. 

We additionally measured the time required to deliver 2 Gy 
with each technique via simulation with a phantom. 

We used the SPSS version 20 package (SPSS Inc., Chicago, 
USA) for statistical analysis. Differences were deemed signifi- 
cant when the two-tailed p-values were less than 0.05. 

RESULTS 

Target coverage and homogeneity 

Table 1 shows the target coverage and homogeneity values 
achieved with the four techniques according to the original 
plan. The wedge technique yielded a high V107 (7.5% ± 4.2%) 
whereas the other three techniques provided excellent target 
coverage and homogeneity. Table 2 shows the differences in 
target coverage and homogeneity from the original plan in re- 
sponse to moving the beam isocenters by 5 mm in the anteri- 
or or posterior direction. 

A 5 -mm displacement in the anterior direction caused a 
large increase in the V107 (+5.2% ±4.1%, p<0.01) with the 
FIF plan, whereas no significant increases were observed with 
the hybrid IMRT (+0.4%±1.2%, p = 0.11) or full IMRT 
(+0.7% ± 1.8%, p = 0.10) plan. A 5-mm displacement in the 
posterior direction caused a large decrease in the V95 with the 
hybrid IMRT (-2.5% ± 3.7%, p < 0.01) and full IMRT (-4.3% ± 
5.1%, p<0.01) plans, whereas no significant decrease was 
noted with the FIF plan (+0.1% ±0.7%, p = 0.74). The de- 
crease in the V95 was significantly smaller with the hybrid 
IMRT plan than with the full IMRT plan (p < 0.01). 

Doses to the organs at risk 

Table 3 shows the doses provided to both lungs and the 
heart when using the four techniques according to the ori- 
ginal plan. Table 4 shows the differences in these values from 
the original plan after moving the beam isocenters by 5 mm 



Table 1 . Target coverage and homogeneity with the four techniques in 
the original plan 



Technique 


D mea n(Gy) 


V 95 (%) 


V107 (%) 


Wedge 


51.4±0.4 


99.2±0.5 


7.5±4.2 


FIF 


51.0±0.4 


97.6±1.3 


0.2±0.4 


Hybrid IMRT 


50.2 ±0.4 


98.4±0.3 


0.1 ±0.4 


Full IMRT 


50.2 ±0.4 


98.4±0.4 


0.1 ±3.3 



Data are presented as mean±SD. 

Dmean= mean dose of the target volume for evaluation (TVJEV); V x =the volume 
of the TV_EV receiving by X% of the prescription dose or greater; FIF = 
field-in-field; IMRT= intensity-modulated radiotherapy. 
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Table 2. Differences in the target coverage and homogeneity from the original plan by moving beam isocenters by 5 mm in the anterior or posterior 
direction 



Technique 



D mea n(Gy) 



p-value 



V 95 (%) 



p-value 



Vl07 (%) 



p-value 



Anterior direction 
Wedge 
FIF 

Hybrid IMRT 
Full IMRT 
Posterior direction 
Wedge 
FIF 

Hybrid IMRT 
Full IMRT 



+0.2 ±0.1 
+0.1 ±0.2 
+0.4 + 0.2 
+0.4 + 0.2 

-0.2 + 0.1 
-0.2 + 0.2 
-0.5 + 0.3 
-0.6 + 0.3 



<0.01* 
0.01* 
<0.01* 
<0.01* 

<0.01* 
<0.01* 

<o.or 
<o.or 



+0.1+0.1 
-0.7 + 0.8 
-0.5 + 0.8 
-1.0+1.0 

-0.2 + 0.2 
+0.1+0.7 
-2.5 + 3.7 
-4.3 + 5.1 



<0.01* 
<0.01* 
<0.01* 
<0.01* 

<0.01* 
0.74 
<0.01* 

<o.or 



+1.5+1.1 
+5.2 + 4.1 
+0.4+1.2 
+0.7+1.8 

-1.4+0.9 
0.0+0.4 
0.0+0.1 

-0.1+0.2 



<0.01* 

<o.or 

0.11 
0.10 

<0.01* 
0.69 
0.65 
0.38 



Data are presented as mean±SD. 

Dmean = mean dose of the target volume for evaluation (TV_EV); V x =the volume of the 7V_EV receiving by X% of the prescription dose or greater; FIF = field-in-field; 
IMRT= intensity-modulated radiotherapy. 
Indicate statistically significant differences. 



Table 3. Dose for the bilateral lungs and heart with the four techniques 
in the original plan 





Bilateral lungs 




Heart 


Technique 


V 20 (%) 


Mean (Gy) 


V 30 (%) 


Mean (Gy) 


Wedge 


8.9 + 2.1 


5.2 + 2.1 


1.4 + 1.7 


3.1+2.2 


FIF 


8.7 + 2.1 


4.8 + 1.5 


1.3+1.6 


2.1+1.1 


Hybrid IMRT 


8.6 + 2.1 


4.7 + 1.5 


1.2 + 1.4 


2.0+1.0 


Full IMRT 


7.0 + 2.4 


3.6 + 1.1 


0.3 + 0.4 


1.4 + 0.4 



Data are presented as mean±SD. 

V x =the volume of the organ receiving by X% of the prescription dose or 
greater; FIF = field-in-field; IMRT = intensity-modulated radiotherapy. 

Table 4. Differences in the dose for the bilateral lungs and heart from 
the original plan by moving beam isocenters by 5 mm in the anterior or 
posterior direction 



Technique 




Bilateral lungs 




Heart 




V20 (%) 


Mean (Gy) 


Vc 


o(%) 


Mean (Gy) 


Anterior direction 














Wedge 


-1 


8 + 0.3 


-0.9+0.2 


-0.E 


±0.9 


-1.0 + 0.9 


FIF 


-1 


8 + 0.3 


-0.9+0.2 


-o.e 


±0.9 


-0.6 + 0.4 


Hybrid IMRT 


-1 


8 + 0.3 


-0.9+0.2 


-o.e 


±0.8 


-0.6 + 0.4 


Full IMRT 


-1 


6 + 0.3 


-0.8+0.2 


-0.3 + 0.3 


-0.4 + 0.2 


Posterior direction 














Wedge 


1 


9 + 0.4 


0.9+0.2 


1.4+1.2 


1.2 + 0.9 


FIF 


1 


9 + 0.3 


0.9+0.2 


1.4+1.2 


0.9 + 0.5 


Hybrid IMRT 


1 


9 + 0.3 


0.9+0.2 


1.3+1.2 


0.9 + 0.5 


Full IMRT 


1 


7 + 0.3 


0.8+0.2 


o.e 


±0.6 


0.6 + 0.3 



Data are presented as mean±SD. 

V x =the volume of the organ receiving by X% of the prescription dose or 
greater; FIF = field-in-field; IMRT = intensity-modulated radiotherapy. 

in the anterior or posterior direction. For all four techniques, 
acceptable outcomes were obtained for all parameters, al- 
though a more favorable tendency was observed with the full 
IMRT plan. 



Table 5. Delivery time for 2 Gy with each technique 



Technique 



Delivery time (sec) 



Wedge 
FIF 

Hybrid IMRT 
Full IMRT 



153+14 
129±11 
170+18 
140 + 21 



Data are presented as mean±SD. 

FIF = field-in-field; IMRT = intensity-modulated radiotherapy. 



Delivery time 

Table 5 shows the time required to deliver 2 Gy using each 
technique. The FIF delivery time was the shortest, whereas the 
hybrid IMRT delivery time was the longest. However, the ab- 
solute differences in the delivery times were small. 

DISCUSSION 

Our results showed that hybrid IMRT was superior to full 
IMRT in terms of robustness against geometrical uncertain- 
ties, thus corroborating the findings of a previous investiga- 
tion [5]. The breast flash was not implemented in the optimi- 
zation routine for the inverse planning technique, leading to 
underdosage near the skin under posterior displacement con- 
ditions. In this sense, the full IMRT technique was suboptimal 
for whole breast radiotherapy. 

However, hybrid IMRT offered excellent target coverage 
and homogeneity comparable to that of full IMRT. Theoreti- 
cally, hybrid IMRT techniques should provide worse dose dis- 
tributions in exchange for better robustness against geometri- 
cal uncertainties, as the contribution from the inversely opti- 
mized IMRT beams is reduced. We used an IMRT beam con- 
tribution of only 10% to achieve better robustness against geo- 
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metrical uncertainties and found that this 10% contribution 
was sufficient to yield excellent target coverage and homo- 
geneity for whole breast radiotherapy and to provide better 
robustness against geometrical uncertainties, given the high 
percentage of glancing open fields. 

We found that the FIF technique also offered excellent target 
coverage and homogeneity The disadvantage with FIF was the 
generation of considerable hot spots under anterior displace- 
ment conditions. The advantage of FIF was its strong robust- 
ness with posterior displacement. Given these features, we 
consider the FIF technique as an alternative to hybrid IMRT. 

The wedge technique showed good robustness against geo- 
metrical uncertainties. However, this technique yielded a high 
V107, which would likely increase the risk of severe dermatitis. 

Regarding the doses to the lungs and heart, we observed 
similar, acceptable outcomes both with the original plan and 
in terms of the robustness against geometrical uncertainties 
for all four techniques, although a more favorable tendency 
was observed with full IMRT. 

We also evaluated the delivery time with each technique. 
The delivery times for all four techniques were similarly short. 
We therefore do not consider the delivery time to be an im- 
portant factor in technique selection. 

A limitation of our investigation is that only a small series 
of Japanese patients were evaluated. The breasts investigated 
in this study might be smaller than the global average. A focus 
on patients with larger breasts and possibly larger geometrical 
uncertainties might yield different findings. Another limita- 
tion is that only anterior-posterior displacement setup errors 
were evaluated; however, geometric uncertainties include dis- 
placement in the left-right, craniocaudal, and anteroposterior 
directions. Nevertheless, we believe that the outcomes of this 
study will offer some guidance to clinicians in a field in which 
data are relatively lacking. 

In conclusion, the FIF, hybrid IMRT, and full IMRT plans 
offered excellent target coverage and homogeneity. Hybrid 
IMRT was superior to full IMRT in terms of robustness 
against geometrical uncertainties, whereas FIF provided com- 
parable robustness to that of hybrid IMRT. 
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